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STRUCTURE OF THE POD AND THE SEED OF 
THE GEORGIA VELVET BEAN, STIZ- 
OLOBIUM DEERINGIANUM 


By CHarLes V. Pier, Agrostologist in Charge, Forage-Crop Investigations, and 
J. MARION SHULL, Botanical Artist, Fruit Disease Investigations, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 


Since 1915 the culture of the velvet bean in the South has been very 
greatly increased, mainly owing to the introduction and development of 
short-season varieties. The early sorts are the Yokohama bean (Stizo- 
lobiwm hassjoo Piper and Tracy); the Chinese velvet bean (S. nivewm 
(Roxb.) Kuntze var.); the Georgia velvet bean, an early variety of the 
old Florida velvet bean (S. deeringianum Bort); and also several varieties 
of hybrid origin. The Georgia velvet bean is at present the most largely 
grown. In 1916 the crop of beans reached such large proportions that 
numerous mills found it profitable to manufacture velvet-bean meal, 
prepared by grinding the dry ripe pods and seeds. This product has 
met with high favor as a rich protein feed. The acreage of velvet beans 
planted in 1917 is several times larger than in 1916. 

No previous studies seem to have been made of the microscopic 
structure of the velvet bean, or, indeed, of any species of Stizolobium. 
The structure of other leguminous seeds has been described and illus- 
trated by various botanists, particularly Kondo.’ Inasmuch as velvet- 
bean meal promises to become an important commercial feed, the micro- 
scopic structures of the pod and seed are important as a basis of identi- 
fying the meal, either pure, adulterated, or in mixtures.” 


STRUCTURE OF THE POD 


Harrs (Pl. 50, G).—The hairs on the surface of the pod consist of a 
long terminal cell, empty or apparently so, and one to six very short 
basal cells filled with protoplasm. The hairs vary greatly in length, 





1Konpo, M. DER ANATOMISCHE BAU EINIGER AUSLANDISCHER HULSENFRUCHTE, DIR JETZT IN DEN 
HANDEL KOMMEN. /n Ztschr. Untersuch. Nahr. u. Genussmtl., Bd. 25, Heft 1, p. 1-56, 40 fig. 1913. 

1 The microscopic preparations of the material were made mostly by Dr. Albert Mann, of the Bureau 
of Plant Industry, and the drawings are all by the junior writer. 
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from 300 to 1,500 uw. The surface of the hairs is roughened with minute 
tubercles, increasingly so toward the apex. The smaller hairs are color- 
less, and on account of a relatively thicker wall remain cylindric, while 
the larger ones collapse and become blackish and twisted. 

CARPELLARY WALL (Pl. 50, C, G).—The wall of the pod consists of an 
outer layer of epidermal cells, polyhedral in form, 15 to 30 yu thick, 
approximately cubical, and 15 to 30 win diameter. They are filled with 
dense protoplasm. The numerous basal cells of the hairs are conspicuous 
on account of the black base of the hairs. Stomata of typical form are 
about one-half as numerous as the hair bases. 

Beneath the epidermis lie about five layers of peculiar sclerenchyma 
cells (Pl. 50, G, H, I, J) from 50 to 234 win length. The cells are spindle- 
shaped, and two to six times as long as broad, the lumen broadening at 
each end. 

The inner half of the pod consists of small-celled parenchyma and 
numerous longitudinal bundles of thick-walled fibers (Pl. 50, D, E, F, G), 
300 to 500 uw long. The lumen of these fibers is small, and in section 
numerous lateral extensions are apparent. 

The innermost layer of the pod is satinlike and consists of thin-walled 
parenchyma (PI. 50, A). 

The fibrovascular bundles which traverse the pod require no particular 
mention. Their structure in cross section is illustrated in Plate 50, B. 


STRUCTURE OF THE SEED 


The most characteristic external feature of the seed of the velvet bean 
is the thick, white caruncle which surrounds the hilum (Pl. 51, A). 
In cross section (Pl. 51, B) this is seen to be composed of thick-walled 
parenchyma. 

Trsta.—In cross section (Pl. 51, B, E) the testa is seen to be composed 
of an outer layer of long palisade cells, a second layer of the so-called 
‘“‘hour-glass”’ cells, the central portion of nearly empty parenchyma, and, 
between this and the small-celled inner epidermis, several layers of paren- 
chyma filled with protein. 

The palisade cells (Pl. 51, C, D) are thick-walled cylinders, 100 to 180 yu 
long and 10 to 22 win diameter. In the neighborhood of the hilum the 
palisade cells are longest and broken near the middle by the so-called 
“light line,” owing to the fact that these cells have the lumen much 
enlarged near the middle. 

The hour-glass cells (Pl. 51, F, G) are 50 to 100 uw long. They closely 
resemble those of related genera (Phaseolus, Vigna, Soja). 

The cotyledons (Pl. 51, I, J) consist mainly of an outer epidermis of 
polyhedral cells about 10 » in diameter; an inner epidermis of cells more 
than twice as large; and between, the much larger cells of the body of 
the cotyledons. All the cells are filled with grains of starch and proteids. 
The starch grains show no special peculiarities. 
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CHARACTERISTIC ELEMENTS 


In velvet-bean meal the most abundant recognizable elements are: 
(1) The palisade cells of the testa; (2) the sclerenchyma cells of the pod; 
(3) the hairs of the pod, and (4) an occasional hour-glass cell. Most of 
the fibers are broken, but with careful examination nearly all of the 
structures may be found. 

The most important elements to determine that the material is com- 
posed of velvet beans are the sclerenchyma cells and the hairs of the 
pods. 





PLATE 50 

A.—Thin-walled parenchyma forming the satin tissue that lines the pod. 80. 

B.—Cross section of a vascular bundle of the pod. 420. 

C.—Section of epidermis of pod, showing a stoma and several of the basal cells from 
which the hairs arise. X8o. 

D.—Fiber cells. X8o. 

E.—Fiber cell in longitudinal section. 420. 

F.—Fiber cells in cross section. 420. 

G.—Cross section of velvet-bean pod, showing both conditions of surface hairs aris- 
ing from the epidermal! layer. Both types of hairs are of similar construction, being 
unicellular except at base, which consists variously of from one to five or six cells. 
The hairs are granulate or roughened, increasingly so toward the apex. The longer, 
weaker-walled hairs have collapsed and become twisted or otherwise deformed and 
darkened in color, while the shorter, heavier-walled hairs remain stiff, tubular bristles, 
straight or sickle-shaped, and transparent. Underlying the epidermis is the layer of 
sclerenchyma tissue several cells in depth, and below this appear fiber bundles in 
cross section. X8o. 

H.—Sclerenchyma cells. X80. These cells vary greatly in size, ranging from 50 
to 234 u in length. 

I.—Sclerenchyma cells. 420. 

J.—Sclerenchyma cells in cross section. 420. 
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PLATE 51 

A.—Georgia velvet bean. Natural size. 

B.—Cross section through hilum showing thick-walled parenchyma of the caruncle 
and the very short palisade cells of the hilar tissues. Beneath these are the palisade — 
cells of the seed coat with the ‘‘light line’’ sinking to near the middle of the cells 
under the hilum. ‘To right and left of the large vascular bundle consisting of scalari- 
form ducts are the lesser spiral vascular bundles of the inner seed coat. X27. 

C.—Palisade cells of seed coat, top view. 420. 

D.—Palisade cells of seed coat. The two cells on the left are from that part of the 
seed coat underlying the hilum and show the modification of the lumen that results 
in the so-called “light line.’’ Palisade cells of the seed coat are 100 to 180 uw long and 
10 to 22 w wide. X420. 

E.—Cross section through seed coat elsewhere than at the hilum showing relation- 
ship of palisade cells, hour-glass cells, and the underlying parenchyma. X8o. 

F.—Hour-glass cells seen from above. 420. 

G.—Hour-glass cells, side view. 420. 

H.—Spirals from vascular bundles of the seed coat. 420. 

I.—Cross section of cotyledon, showing outer epidermis, and smaller cells filled with 
starch grains and proteid granules. 420. 

J.—Cross section of cotyledons, showing the medial line of the two cotyledons with 
inner epidermis and adjoining much larger cells with starch grains and proteid gran- 
ules correspondingly larger. 420. 








DECOMPOSITION OF GREEN AND STABLE MANURES 
IN SOIL 


By R. S. Potter, Assistant Chief in Soil Chemistry, and R. S. SNYDER, Assistant in 
Soil Chemistry, Iowa State College Experiment Station 


HISTORICAL REVIEW 


This paper is the third of a series of reports whose principal object is 
the determination of the rate of decomposition of original or added 
organic material in soil. This is done by the measurements at frequent 
intervals of the carbon dioxid evolved from manured and unmanured 
soils. In the first of these papers (7)! the ‘effects of lime, ammonium 
sulphate, and sodium nitrate on carbon-dioxid production were deter- 
mined. In the second paper (8) several phases of the subject were taken 
up, the more important of which are: (1) The relation of the amount of 
air drawn over soils to the amount of carbon dioxid evolved, (2) a deter- 
mination of the percentage of carbon dioxid in plots treated with varying 
amounts and kinds of organic matter, (3) a comparison of the results 
obtained by the laboratory method for the determination of carbon 
dioxid evolved from soils to the results of the determination of the per- 
centage of carbon dioxid in the atmosphere of soils in the field, and (4) 
determinations of the amount of carbon dioxid evolved from soils treated 
with lime and varying amounts of stable manure. The conclusions were 
briefly as follows: Within limits there was not much variation in the 
amount of carbon dioxid evolved from soil with different amounts of air 
passed over the soil. The results obtained by the laboratory method 
agreed well with those obtained in the field plots. Calcium carbonate 
accelerated the rate of decomposition of both the original organic matter 
of soil and that added in amounts of stable manure varying from 10 to 
50 tons per acre. There was less calcium carbonate decomposed in those 
soils receiving applications of manure than in those unmanured. 

A complete review of the work done in American Experiment Stations 
on green manuring published quite recently (6) calls attention to the fact 
that, while there are very little definite data concerning the effects of 
green manuring upon succeeding crop yields, yet the conclusion to be 
drawn from all the work done upon the subject is that in general green 
manuring increases crop yields. A common recommendation to farmers 
is to plow in green manure to build up the organic matter in the soil, but 
there is no definite information available as to how rapidly one may expect 
such a practice to build up the soil or as to how long, for instance, such 





1 Reference is made by number (italic) to ‘‘ Literature cited’’, Dp. 697-698. 
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an application will last. It was to throw some light on this phase of the 
green manuring problem that the work reported herein was undertaken. 

In one of the papers referred to above (8) a quite complete review of 
the literature on carbon-dioxid production in soils is given, so that here 
mention will be made of only those papers which have appeared since 
the preparation of that bibliography. 

J. G. Lipman and associates (4) have at various times reported the 
results of a field experiment on the effect of a light application of stable 
manure on the decomposition of green manures. The essential points 
of the plan of their experiment are as follows: Cow manure in amounts 
varying from 1,000 to 4,000 pounds per acre is added to plots upon which 
in one series a nonlegume is growing and on the other series, a legume. 
The cow manure is plowed under with the accompanying green manure. 
This plan has been followed for several years. Crop yields and the 
amount of nitrogen in the crop arenoted. From the fact that crop and 
nitrogen yields have been somewhat larger on those plots receiving the 
cow manure plus the green manure than on the ones receiving the green 
manure, they have concluded that the cow manure enhanced the rate of 
decomposition of the green manure. Also, those plots receiving the 
larger amounts of cow manure did not always give greater crop yields 
than those receiving the smaller. This, too, is interpreted as being in- 
dicative of an increase of the rate of decomposition of the green manure 
by the cow manure. 

In 1916 Boltz (z) published the results of an interesting experiment 
‘ with clover used as a green manure. Green clover at the rate of 7,744 
pounds per acre was applied to two small areas, in one case merely put 
on the surface and in another spaded under. The clover and soil were 
analyzed for organic matter at the beginning of the experiment and the 
surface application of clover was collected at the end of the experiment 
and the amount of organic matter remaining was determined. The soil and 
soil and clover mixture were analyzed at the end of the experiment also. 
Throughout the course of the experiment, which ran from October 12 to 
May 5, 206 days, 66 per cent of the clover applied to the surface was lost, 
while 28.45 per cent of it was lost when it was incorporated with the soil. 
In a similar experiment, but carried out in a lysimeter and involving 
treatments of clover of 17,520 pounds per acre, 68.5 per cent of the 
organic matter of the clover was lost when applied to the surface and 
58.5 per cent when spaded in with the soil. Only about 1 per cent of the 
organic matter of the clover was lost by drainage. The results obtained by 
Boltz are interesting when compared with those reported in this paper. 


EXPERIMENT I 


Part of the large sample of Miami silt loam soil that was used in the 
former experiments of this series (7, 8) was used. Practically the same 
apparatus was used as formerly, the only difference being that, instead 
of putting the soil in pots under bell jars, it was placed in the ordinary 
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2.5-liter acid bottles. This diminished chances for leaks. The treat- 
ment of the soils, in tons per acre, was as follows: 
Pot No. Treatment. 


3 tons of calcium carbonate. 
ro tons of manure. 
ro tons of manure and 3 tons of calcium carbonate. 
t ton of oats. 
. 1 ton of oats and 3 tons of calcium carbonate. 
. 1 ton of oats and ro tons of manure. 
. 1 tonofoats, 10 tonsof manure, and 3 tonsof calcium carbonate. 
. 1 ton of clover. 
. 1 ton of clover and 3 tons of calcium carbonate. 
. 1 ton of clover and ro tons of manure. 
. 1 ton of clover, 10 tons of manure, and 3 tons of calcium car- 
bonate. 


The manure used was well-rotted horse manure, air-dried and coarsely 
ground. The oats and clover were about two-thirds mature tops, 
air-dried and ground rather fine. The weights as given above refer to 
air-dried weights in all cases. Two and one-half pounds of soil were 
mixed with their respective treatments and then placed in the acid 
bottles. These were then connected with the apparatus which was freed 
from carbon dioxid. ‘The soils were all made up to 22 per cent of moisture. 
This was done by adding 250 c. c. of “water” to each bottle. In every 
case 100 c. c. of this ‘“‘water”’ were made up of an emulsion made from 
fresh soil; and, in the case of those soils receiving stable manure, 100 c. c. 
of fresh-manure emulsion were included in the 250 c. c. of ‘“‘water.’”’ The 
soils, manures, and calcium carbonate were analyzed for total carbon at 
the beginning of the experiment. The experiment ran from July 10 to 
September 2, 1915, a total of 53 days. 

At the end of the experiment all the soils were analyzed for carbonate 
carbon. Throughout the course of the experiment the carbon dioxid 
evolved was determined from time to time. In Table I will be found the 
total amount of carbon evolved from the soil as carbon dioxid, calculated 
in pounds per acre of 2,000,000 pounds, It will be observed that in 
general the duplicates agree very well. It may be stated that for each 
period the duplicates checked on the average about as closely as the 
summed-up amounts indicate. To put all the determinations which 
were made into a table would take up more space than we care to use here. 


TABLE I.—Amount of carbon evolved as carbon dioxid from soils in Experiment I 


[Results expressed as pounds of carbon per acre] 





’ | 
Original. Duplicate. | Soil No. | Original. Duplicate. 





771-9 767.7 I, 490. I 
T, 392.5 | 1,393-3 2, 153.0 
1,070.1} 1,071.8 T, 309. 6 
1,625.5 | 1,625.5 1, 883. 1 
1, 153-8] 1,223.0 I, 567. 7 
1,794-1 | 1,802.3 2, 188. 0 











| 
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In Table II are found the number of pounds of carbon per acre given 
per day for the various periods. These were taken from the total carbon 
dioxid given off in the various periods. The data appearing in this table 
were used in plotting the curves of figures 1, 2, and 3. 


TABLE II.—Amount of carbon evolved as carbon dioxid per day from soils in Experiment I 
[Results expressed as pounds of carbon per acre per day] 





Day. 





| 


37-4 | 5-8 | om 12-15 | 16-18 | 19-22 26-32 | 33-39 


40-46 47-53 








57-0 | 51-0] 33-3] 183] 12:3] 12-4] 12.7] 2-5 
240.0 | 128.0 54-0} 35-2 22.3 20.3 20.7 18. 5 

81.2 | 78.0] 47-6] 25-0] 17-2] 17-7] 188] 16.4 
263-0 | 134-0] 67-5 | 395] 25-4] 24-7] 25-5] 25-0 

81.8 | 146.0] 73-5] 34:0] 22-5 20.5 19-7} 16.2 
-} 283-0 | 196.0] 97-5] 495] 32:9]. 29-5] 27-8] 23-9 
.| 136.0] 156.0] 86.0] 42-5] 28.6] 26.2] 25-5] 20.7 
-| 317-8 | 196.0] 121.0] §7-2] 38-7] 35-2] 34-90] 29-7 
6710 | 215-0 | 92-5] 34-7] @1-0] 19.7 19-3 16.0 
«| 200.0 | 307-0] 119.0] 49-5] 31-4] 28.5] 28.1 23-6 
.| 118.9 | 233.0] 100.0] 40.7] 25-8] 24.7 24.8] 19.8 
-| 273-0 | 284-0 | 126.0 | 55-5 | 36-7] 34:7} 33-3 | 302 


9-8} 413-6) 13.1 10.6 
14-4 @21.0 17-1 12.5 
13-1 419.4 14-0 16.4 
17-0 | 24.2 | 417.0 19.0 
11.9 | 513.0] 14-1 14.6 
16.7 | @22.7| 14-8] 15.1 
14-8 | G@ar.2 15-4 14-4 
20.8 | 426.7 | 214.0] 19.7 
11.9 | 420.4 13-5 12.4 
16.8 | @23.2]) 17-8] 16.9 
15-t | @22.4] 15-0] 125.8 
21.6] @29.0| 20.7] 20.3 
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aRepresents values for one soil, one determination having been lost. 
Pe ag wen values taken from average of preceding and succeeding determinations, both duplicates 
4 lost. 


ty 
S 
vt 
® 
N 
S 
N 
NS 
% 


io) 20 IO oF 40 45 


25 
OAYS 
Fic. 1.—Graphs of the quantity of carbon evolved as carbon dioxid in the control, limed, manured, and 

manured and limed soils. 


DISCUSSION OF THE CURVES 


In figure 1 are given the curves for the carbon lost from the control, 
the limed, the manured, and the manured and limed soils. Throughout 
the course of the experiment it is seen that the limed soil is losing more 
carbon than the corresponding unlimed. It can not be said with cer- 
tainty whether this is really due to an enhanced rate of decomposition 
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of the organic matter or whether it is simply due to a gradual liberation 
of the carbon dioxid of the calcium carbonate by relatively insoluble 
acids or by acids being gradually formed from organic matter. 

Figure 2 shows the curves for the soils treated with oats alone and in 
the combinations with manure and lime. The noteworthy thing here 
is the slow initial rate of decomposition of the green manure and then its 
rapid decomposition followed by a slowing up of the process. Antici- 
pating the results of the experiment which follows, we may say that 
probably the slow action at first was due to the dry condition of the oats. 
The slowing up of the process is due, no doubt, simply to the relative 
exhaustion of the more easily decomposed material in the added green 
manure, 
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Fic. 2.—Graphs of the quantity of carbon evolved as carbon dioxid in soils treated with oats alone and in 
combination with manure and lime. 


The curves for the green clover in its various combinations are shown 
in figure 3. In general the same may be said of these curves as of those 
for the oats. However, the clover decomposed much more rapidly than 
the oats in the early periods. 

In Table III the summarized data for the whole experiment are given. 
An explanation of some of the columns of the table besides that appear- 
ing at the column head will probably make the table clearer. Unless 
otherwise indicated, all results are expressed in terms of pounds of carbon 
per acre of 2,000,000 pounds of soil. The figures in the second column 
were obtained from the analyses of the respective manure for total carbon. 
The values in the third column were found from the pounds of carbon 
in the soil originally and the added carbon. A sample of the air-dried 
calcium carbonate used was analyzed for carbon dioxid. From the 
amount obtained it was computed that the calcium carbonate was 94.42 
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per cent pure. Since practically no free alkali was found to be present, 
no doubt hygroscopic moisture made up the 5.58 per cent. Therefore 
the amount of carbon in the 3 tons of lime used per acre was 680 pounds, 
which number appears in the fourth column of the table. The figures 
in the next column were obtained directly from Table I. In the column 
headed ‘Inorganic carbon at end” are given the values obtained from 
the analysis of the soil for inorganic carbon by the MacIntire (5) method. 
These soils were analyzed while still moist, immediately after removal 
from the apparatus. No doubt the reason for finding inorganic carbon 
in the unlimed soil was that some carbon dioxid was retained in the soil 
moisture. No carbonates were found in the original air-dried soil. As is 
observed, only the averages of the duplicates are given. The greatest 
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Fic. 3—Graphs of the quantity of carbon evolved as carbon dioxid in soils treated with green clover alone 
and in combination with manure and lime. 


variation of the averages for the inorganic carbon in the unlimed soils 
was 2.5 pounds, while the greatest variation of the corresponding values 
for the limed soils was 5 pounds. ‘This is thought to be a satisfactorily 
low experimental error. The weight of ‘Organic carbon lost” in the 
case of the unlimed soils were obtained simply by adding the total carbon 
lost to the inorganic found at the end of the experiment. For the limed 
soils, the following method was followed: The amount of inorganic 
carbon at the end of the experiment was subtracted from the amount 
added at the beginning. This, which is, of course, the number of pounds 
of inorganic carbon lost, was subtracted from the number of pounds of 
total carbon lost. This gives the desired figures listed in column 7. 
The next column is self-explanatory. In order to obtain the values 
found in column 9, it was assumed that in every case where organic 
matter was added to the soil the amount of carbon lost from the original 
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organic matter of the soil was the same as where no organic matter was 
added. Hence, the value found for soils number 5 and 6 in column 9 
was obtained by subtracting the value for 1 and 2 from 5 and 6, in column 
7. To obtain the number for 7 and 8 in column 9, the value for soils 3 
and 4 was subtracted from 7 and 8 in column 7. Columns 1oand 11 are 
self-explanatory. To obtainthe values found incolumn 12, it was assumed 
that where stable and green manure were used in the soil in combination 
the stable manure and soil organic matter lost as much carbon as where 
the stable manure alone was added to the soil. 


TABLE III.—Summarized data of Experiment I 


[Unless otherwise given, results are expressed as pounds of carbon per acre] 








Excess} 
OT ganic $ 
carbon a 
Or- | Total lost | 822 

ganic | organic from 4 
carbon| carbon limed edad 
added.|at start A over | "eco 

limed nure. 
soil. 























-| 29, 513 797 
+] 29) 513 931 
37) 013 44 | 1,115 
37,013 1,216 
39,374 1,219 
30,374 1, 388 
37,874 1,555 
37,874 1, 741 
30, 411 1,342 
30, 411 I, 490 
37,912 69 | 1,629 
37) 911 2,196 1, 826 









































DISCUSSION OF RESULTS 


The number of pounds of organic carbon at the end of the experiment 
(shown in column 6 of Table III) are worthy of study. These results 
will be considered with those for the number of pounds of residual calcium 
carbonate. It is observed that in every case the organic manures acted 
as conservers of lime. As to why that is, it is difficult to understand. 
One would think that the acids formed by the decomposition of the 
manure would decompose the lime. Perhaps this takes place in the 
early stages, and then these calcium salts of the acids are in turn acted 
on by the microorganisms with the re-formation of calcium carbonate. 
In this connection the work of Gimingham (2) may be pertinent. He 
stated that the soil organisms changed the calcium salts of such organic 
acids as oxalic found in plant tissues to calcium carbonate. This can 
hardly account for all of the excess carbonate in the green-manured soils, 
as the following considerations will show. According to data appearing 
in Hopkins’s Soil Fertility and Permanent Agriculture (3, p. 603) 1 ton 
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of young clover hay contains 34.2 pounds of calcium. If all of this were 
converted to calcium carbonate, it would give 85.5 pounds. The excess 
lime in the clover- and lime-treated soils over the soil receiving no treat- 
ment except lime is 460 pounds. Oat straw, according to the same 
authority, contains 6 pounds of calcium per ton; or in terms carbonate, 
15 pounds. This accounts for only a small part of the excess carbonate 
in the oat-treated soils. 

In a consideration of this question all the potential bases and acids in 
the manures should be considered, for after fairly complete decomposi- 
tion the potassium, for instance, however originally combined with the 
organic material, would tend to combine either with an acid in the soil 
or with an acid from the organic material itself. This would relieve an 
equivalent amount of calcium carbonate from the necessity of having to 
neutralize acid. 

Bearing directly upon this are the data found in Table IV, which 
is adapted directly from Hopkins (3, p. 603). 


TABLE IV.—Quantity (in pounds) of the elements in 1 ton of the clover hay and oat straw 
(dry material) 





Phos- | Potas- 


Material. phorus.| sium. 











-4| 27.0 
Calcium carbonate equivalent a7) 340 
Clover ’ 50. 6 
Calcium carbonate equivalent .0 | 64.8 


























In Table IV are given the pounds of the elements in clover hay and oat 
straw found in 1 ton. It should be noted that the values are for oat 
straw and not the immature oat plant which was used in this experiment. . 
No data could be found for such material. In the table the calcium 
carbonate equivalent of the various elements appear. These were cal- 
culated on the supposition that the elements would be completely hydro- 
lyzed or oxidized to their respective bases or acids and would then 
neutralize an equivalent of acid, in the case of the base, or an equivalent 
of base, probably lime, in the case of the acids. For the oats the excess 
lime equivalent of the bases over the acids is 48.1 pounds, and for the 
clover 152.8 pounds. It should be noted that these numbers include in 
them the calcium carbonate equivalent of the calcium as mentioned 
above. This, then, does not account for all of the excess lime remaining 
in the green-manured soils, but it does, at least with the clover, account 
for an appreciable percentage of it. Therefore this excess lime must 
come from the calcium silicates, but this does not explain why there is 
a greater amount left in the manured than in the unmanured soils. 

Next to be considered are the values found in columns 7 and 8 of Table 
III. It is seen that in every case the lime causes an increased decom- 
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position of organic matter. This of course has both a beneficial effect and 
a harmful effect from a practical standpoint. The greater rate of decom- 
position of the manure causes an increase in the rate of the making 
available of the plant food. It no doubt causes an increase in the rate 
of the destruction of possible toxic substances and probably in itself 
increases the air circulation in the soil. The harmful effect is the deple- 
tion of the organic matter in the soil, but since the main benefit derived 
from the organic matter of soil is its enhancement of microbial activity, 
anything within limits which aids in this activity is desirable. 

Columns 9 and 10 (Table III) give the number of pounds of carbon 
lost from the added manure and the percentage loss, respectively. The 
most noteworthy thing in this connection is the large percentage of the 
green manure lost as compared with the stable manure. Thus, it is seen 
that 49 per cent of the carbon of the oats are lost, 60.8 per cent of that 
of the clover, and only 4.23 per cent of that of the manure. It seems 
surprising that about half of such an application of green manure would 
be lost in less than two months. It is believed that probably a somewhat 
comparable loss would take place in the field, because except for a lack 
of drainage these soils were held under conditions not greatly unlike 
those in the field. As to why, in the case of the stable manure in soils, 
a somewhat smaller amount of the manurial carbon was lost from the 
limed than the unlimed soils, we can not state. No doubt our assump- 
tion that the amount of carbon lost from the original soil organic matter in 
the manured soils is the same as that from the soil organic matter in the 
unmanured soils is not strictly true. As the manurial organic matter is 
more easily available, it is, no doubt, attacked largely at the expense of 
the soil organic matter. On the other hand, an enormous number, and 
doubtless a very great variety, of bacteria are introduced with the 
manure which of themselves serve to enhance the rate of decomposition 
of the organic matter and, hence, make a comparison of the manured, 
limed, and untreated soils of qtestionable significance. However, to 
arrive at some conclusion as to the amount of manure consumed in an 
experiment like this, some such an assumption must be taken. From 
column 11 (Table III) it is seen that in every case where total organic 
matter is considered, a larger percentage is decomposed from the limed 
than from the respective unlimed soil. 

In column 12 (Table III) it is observed that the addition of stable 
manure has increased the rate of decomposition of the green manures to 
a small extent. According to some agriculturists, a dressing of stable 
manure on green manure before plowing under serves to enhance the 
rate of decomposition of the latter because of added bacteria. This 
experiment seems to confirm that belief. In anticipation of the consid- 
eration of the next experiment, it may be stated here that this result was 
not entirely confirmed when conditions were kept more typical of field 
practice, 
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CONCLUSIONS FROM EXPERIMENT I 


(1) Lime in the form of a carbonate under the conditions of this experi- 
ment appreciably enhances the rate of decomposition of both original soil 
organic matter and the organic matter of stable manure and the green 
manures oats and clover when added to soil. Two of the more impor- 
tant results of this are the. increased availability of plant food and the 
more rapid depletion of the soil organic matter. This latter effect would 
be partially and perhaps entirely offset by the fact that with lime larger 
crops could be grown which would give more organic matter to return to 
the soil. 

(2) The green manures oats and clover under the conditions of this 
experiment are decomposed much more completely than stable manure. 
Clover is decomposed somewhat more rapidly than oats. 

(3) Stable manure increases the rate of decomposition of green manure 
when used in connection with the latter. 

(4) Both stable and green manures act as conservers of lime. 


EXPERIMENT II 


In the experiment just described it will be remembered that the stable 
and green manures were applied in dry and ground condition. It was 
thought that perhaps the reason that such a large percentage of oats and 
clover was decomposed and their carbon given off as carbon dioxid was 
because of their finely divided condition. Of course the reason for adding 
manures in such a state was to make sure that a composite sample was 
added in each case. To test this and other points, a similar experiment 
was planned, but with some of these objectionable features eliminated. 
The treatment of the soils, in tons per acre, is given in Table V. 


TABLE V.—Treatment of soils in Experiment II 





Fresh basis. 





Control. 

.| 3 tons of lime. 

10 tons of stable manure. 
30 tons of stable manure. 
50 tons of stable manure. 


...{ 3 tons of lime..,..... LU RAS 
..| 4-77 tons of stable manure. 
...| 14.3 tons of stable manure 

.| 23.8 tons of stable manure 





.| 4 W tons of stable manure, 3 tons of 
ime. 
14. ist ones of stable manure, 3 tons of 


23. rT ail of stable manure, 3 tons of 
lime. 


. -| 4-77 tons of stable manure, 1.29 tons 


of oats. 
.| 4-77 tons of stable manure, 1.29 tons 
of oats, 3 tons of lime. 


.| 4.77 tons of stable manure, 1.18 tons 


of clover. 


-| 4-77 tons of stable manure, 1.18 tons 


of clover, 3 tons of lime. 
1.29 tons of oats 
1.29 tons of oats, 3 tons of lime 
1.18 tons of clover. . 
1.18 tons of clover, 5 tons of lime. . 





10 tons of stable manure, 3 tons of 
lime. 

30 tons of stable manure, 3 tons of 
lime. 

50 tons of stable manure, 3 tons of 
lime. 

to tons of stable manure, 4 tons of 
oats. 

10 tons of stable manure, 4 tons of 
oats, 3 tons of lime. 

to tons of stable manure, 4 tons of 
clover. 

10 tons of stable manure, 4 tons of 
clover, 3 tons of lime. 

4 tons of oats. 

4 tons of oats, 3 tons of lime. 


.| 4 tons of clover. 


4 tons of clover, 3 tons of lime. 
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The stable manure used was fresh horse manure, not dried. The oats 
and clover were taken from samples grown in the greenhouse to about 
two-thirds maturity. Material was cut into half-inch lengths and 
weighed out while still in an unwilted condition and thus added to the 
soil immediately. At the same time that the samples of manure were 
added to their respective soils, several samples of the green and stable 
manures were weighed into suitable containers and dried in the oven at 
70° C. The weights were again taken, and from this the percentage of 
moisture in the samples as added was computed. The dried samples 
were finely ground and carbon determinations made on some of them. 
The results are given in Table VI. 


TABLE VI.—Composition of the manures used in Experiment IT 





i tee aaa Quantity Percent- 
pat ag | weiabt Average. | of carbon | Average. 
. . in o.5 gm. | 
0-5 


Material. 








3 














Spapepeeeasee? 


PUOan tH HH eH ee ee ee DD 
¢ - 


5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
§ 
3 
-3 
-3 
3 














An examination of the results in Table VI shows with what degree of 
uniformity in composition the samples of manures were as they were 
added to the soil. The experiment was started and carried through in 
all respects as the previous experiment. 

In Table VII will be found the results for the total amount of carbon 
given off as carbon dioxid. Owing to breakage, the alkali from the 
alkali towers of pots 17, 19, and 30, ran over into their respective soils 
and spoiled them early in the experiment. Large molds appeared in 
pots 13 and 15 after several weeks, which accounts for the missing 
determination of those soils. A mold also appeared in No. 16, which 
was removed as soon as discovered. Since its duplicate had already 
been discarded, the values for the carbon dioxid of No. 16 were taken 
from the values found for the soils treated with the same amount of 
manure but without lime. It is of course realized that this does not 
have much justification, and, hence, the values for No. 16 should not 
be depended upon for any definite conclusion. 

23719°—17——2 
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TABLE VII.—Total carbon evolved as carbon dioxid from soils in Experiment II 


[Results expressed as pounds of carbon per acre] 





1 


Original. Duplicate. | Soil No. Original. | Duplicate. 





1, 686 I, 722 | 4; 239 
2,710 2,744 5, 082 
3, 658 3,636 . 4,195 
8, 211 8, 206 §,°77 
12, 483 5 2,657 
4, 289 A ] 3) 215 
8, 769 }.. 2, 688 
12,703 3 3, 245 




















In Table VIII appear the average amounts of carbon evolved as carbon 
dioxid per day in the successive periods. From this table the curves 
appearing in figures 4 to 9 were drawn. 


TABLE VIII.—Quantity of carbon evolved as carbon dioxid per acre per day in soils of 
Experiment II 


[Results expressed as pounds per acre] 
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TaBLE VIII.—Quantity of carbon evolved as carbon dioxid per acre per day in soils of 
Experiment II—Continued 
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@ Represents value for one soil, one determination having been lost. 


b Represents values taken from the average of preceding and succeeding determinations, both duplicates 
having been lost. 


DISCUSSION OF THE CURVES 


In figures 4 and 5 appear the curves for the soils receiving the various 
amounts of stable manure used alone and in combination with lime. 
The control and limed soils are also shown. Special attention is called 
to the manner of construction of the curves in the two different figures. 
In these two and the succeeding figures different standards have been 
used which are thought to bring out the important points to advantage. 
These changes can be followed easily by watching the notation on each 
figure. All of the curves are seen to be well above the curves for the 
control soil. With the exception of a few isolated points, the curves for 
the limed soils are well above those for their respective unlimed soils. 
The fact that the limed soils almost invariably gave off more carbon 
dioxid than their respective unlimed duplicates, even toward the end 
of the experiment, which ran more than half a year, shows that there 
must be greater bacterial activity induced by the lime. Of course it 
might be said that the excess carbon dioxid came from the lime itself, 
but it will be shown in Table IX that less lime was used in the manured 
than in the unmanured soils. This precludes that explanation of the 
fact. Also it would seem that after such an extended length of time all 
of the soil acid would be neutralized, so that the most reasonable con- 
clusion is as stated above—namely, that lime increases bacterial activity 
to a marked extent. 

When compared to the curves for the manure in the former experi- 
ment, it is seen that the manure curve is well above that where dry, 
well-rotted manure was used, in spite of the fact that in the case of the 
dry manure much more organic matter was present than in the case 
of the wet manure. As shown in Table VI, the 11.3 gm. of wet manure 
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representing an application of 10 tons per acre, was only equivalent to 
5.39 gm., or slightly less than 5 tons per acre. The reason for this is 
no doubt due to séveral causes. One of these is that many more bac- 
teria were added with the fresh manure, and the second is that drying 
resulted in precipitation of considerable soluble organic matter in such 
a form that it redissolved rather slowly in the soil moisture, and drying 
also rendered the solid organic matter more impervious to moisture and, 
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Fic. 4.—Graphs of the quantity of carbon evolved as carbon dioxid in soils receiving various amounts of 
manure used alone and in combination with lime. Period, 1-39 days. 


hence, to bacterial action. Perhaps the main reason is that the easily 
available organic matter of the well-rotted manure had all been decom- 
posed. 

On comparing for the moment the curves in figures 6 and 7 with the 
curves for the similarly treated soils of the former experiment, shown 
in figure 2, it is seen that in the latter case where the fresh undried 
green manure was used, the rate of decomposition at first was enor- 
mously greater. Therefore the grinding had no effect on the green 
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. 5. —Graphs of the quantity of carbon evolved as carbon dioxid in soils receiving various amounts of 
manure used alone and in combination with lime. Period, 40-216 days. 
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Fic. 6.—Graphs of the quantity of carbon evolved as carbon in soils treated with lime and oats alone and 
in combination with manure and lime. Period, 1-39 days. 
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Fic. 7.—Graphs of the quantity of carbon evolved as carbon in soils treated with lime and oats alone and 

in combination with manure and lime. Period, 40-216 days. 
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manure, as was thought at first. Or, if it did, it was more than over- 
come by the effect of the drying. Another important thing to be noted 
in connection with the curves in figures 6 and 7 is that, after about the 
one-hundred-and-twentieth day of the experiment, the amount of car- 
bon being given off from the soils treated with the oats was about the 
same as the control soil. This means that most of the carbon of the 
green manure has been decomposed and evolved. The same may be 
said in regard to soil treated with lime and oats when compared to 
the soil treated with lime only. 
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Fic 9.—Graphs of the quantity of carbon evolved as carbon in soils treated with lime and clover alone 
and in combination with manure and lime. Period, 40-216 days. 


The curves for the clover-treated soil, with its various combinations, 
appear in figures 8 and 9. In general the same may be said in regard 
to the clover-treated as of the oat-treated soils. Here the fresh mate- 
rial decomposed much more rapidly than the dried and ground material 
of the former experiments. Also after the one-hundred-and-twentieth 
day, the rate of evolution of carbon as carbon dioxid is the same from 
the green-manured soil as the corresponding ungreen-manured. It is 
seen that here, as in the former experiment, the clover decomposed 
somewhat more rapidly than the oats. 

In Table IX the summarized data for the whole experiment is given. 
Since this table is constructed exactly as Table III, no further explana- 
tion is needed in regard to it. 
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TABLE [X.—Summarized results of Experiment II 
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29, 513 
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40,571 
47,943 
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DISCUSSION OF THE RESULTS 


The quantity of carbonate carbon left in the soil at the end of the experi- 
ment and shown in column 6 are particularly interesting when compared 
with the values of the preceding experiment shown in Table III. The 
amount of inorganic carbon in the unlimed soil of the two experiments 
does not show any striking differences. This is to be expected, since, as 
stated earlier, this carbon probably is simply the carbon dioxid dissolved 
in the moisture of the moist soils used for the analysis. But, when an 
examination of the results for the limed soil is made, consistency is 
observed. In the experiment which ran for 216 days, 182 pounds of 
carbon remained, while 218 pounds were left in the experiment which ran 
only 53 days. Thus, in the time from the fifty-third day to the two- 
hundred-and-sixteenth day 36 pounds of carbon were lost. In terms of 
calcium carbonatesthis represents 300 pounds. With the 10-pound ma- 
nure treatment there were 455 pounds of calcium carbonate decomposed 
from the fifty-third to the two-hundred-and-sixteenth day. However, 
not too much significance should be placed on this figure because of the 
different character and amount of the manure used. In the case of the 
oats the difference is 335 pounds of carbonate. For the clover the differ- 
ence is 480 pounds. Somewhat more significance can be placed on these 
figures although no absolute dependence, for the green manures were in 
quite different states when added to the soils. 

Here, as in the former experiment, the manures act as conservers of 
lime. A discussion of this question is given in connection with the first 
experiment. The oats seem to use less of the lime than the clover: 
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It is seen that in every case except where the soils were treated with 
50 tons of manure the lime enhanced the rate of decomposition of the 
organic matter. As already mentioned, the soil treated with 50 tons 
of manure and lime developed a mold, which was later removed. There- 
fore, not much dependence should be placed on the results for that soil. 
The figures as a whole given in column 8 are not very consistent. The 
excess carbon from the soils treated with both stable manure and green 
manure is greater than where the similar amounts of manure were used 
separately. Yet, where no manure was used, the excess carbon was 
greater than in any other case. It seems that the original organic matter 
in a soil needs lime for its decomposition, while the organic matter of 
manures used here does not need lime. 

The values given in columns 9 and 10 are extremely interesting. 
On considering the percentage of carbon lost from the various manures, 
it is seen that more than half of the carbon of the stable manures has 
been evolved in the course of the experiment. Thus, more than 10 
times as much of the manure in this experiment has been decomposed 
as in the earlier experiment reported in this paper. This is a far greater 
difference than can be accounted for by a consideration of the time the 
two experiments ran—namely, 53 and 216 days, respectively. It 
should be recalled that in the first experiment dry, well-rotted manure 
was used, whereas in the latter fresh, moist manure was used. As 
stated above, in the discussion of the curves the reasons for this difference 
are that the physical condition of the fresh manure was in favor of its 
more rapid decomposition, more bacteria were added with it, and it 
contained more easily available organic matter. 

Another noteworthy circumstance is that with the limed soils less 
organic carbon has been evolved than from the corresponding unlimed 
soil. Here, again the only explanation seems to be that the organic 
matter of the manures does not need lime for its decomposition. Pos- 
sibly the lime, together with the organic matter, causes such a high 
percentage of carbon dioxid in the soil atmosphere and soil solution that 
it becomes slightly toxic to the bacteria. Our apparatus was of such a 
nature that cultivation of the soil during the course of the experiment 
was not feasible. Possibly with cultivation, which would have tended 
to diminish the concentration of carbon dioxid, the results would have 
been different. Particularly to be noticed is the very large percentage 
of the green manures which were decomposed. There were evolved 
as carbon dioxid 78.9 per cent of the carbon of the oats and 95 per cent 
of that of the clover. It should be recalled that the respective figures 
for the experiment which ran 53 days were 52.4 per cent and 62.3 per 
cent. Therefore it seems that the physical condition of the green 
manures did not greatly influence the rate of decomposition. While 
the manner of application of the oats and clover in this last experiment— 
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that is, in pieces not over % inch in length—can not be said to represent 
conditions exactly comparable to field practice, yet it is believed that 
the rate of decomposition would have been approximately the same if 
they had been added in larger pieces. The results found here confirm 
those of Boltz already referred to. What shall we say, therefore, con- 
cerning the use of green manures in building up the organic matter of 
the soil? In the first place, it is to be remembered that neither in our 
experiments nor in those of others have the roots of the plants been 
used. Parts of the roots would probably decompose somewhat more 
slowly because of their toughness. However, it is doubtful if this would 
radically change the results. As Pieters (6) concludes from his review 
of the subject, the use of green manures generally gives greater crop 
yields to crops immediately following. This increase of crop would 
usually, if properly handled, give greater crop residues to plow under, 
which in turn would tend to enrich the soil. Then it must not be for- 
gotten that the green manure would of itself add available plant food 
to the soil, taken partly or largely from the unavailable supply. And, 
of course, in the case of leguminous green manures, nitrogen would be 
added also. Then its decomposition would render an additional amount 
of plant food available. 

In practice it is often observed that, where insufficient time is allowed 
between the plowing under of the green manure and the planting of a 
crop, in a dry season the crop suffers from lack of moisture. This prob- 
ably is due to the turning under of the green manure in large bunches. 
From the results of this experiment it is seen that if some practical plan 
could be found to mix the material thoroughly with the soil, most of it 
would be decomposed in a short time. This must be left, of course, to 
field experiments. 

When results for total organic matter are considered, it is observed 
from column 11 (Table [X) that the limed soils showed a greater per- 
centage of decomposition than the unlimed. In some instances, how- 
ever, the differences are so small as not to be significant. 

In the twelfth column (Table IX) the carbon coming from the green 
manure alone is shown. In the case of the unlimed soils, it is less by 
nearly one-half than the corresponding amount from the green manure 
applied to the soil salone. From the limed soils, however, it is seen that 
the stable manure apparently quite appreciably increases the rate of de- 
composition of green manures. We are not prepared to give an expla- 
nation of these facts. However, we believe that the results of this exper- 
iment and the one preceding warrant the conclusion that green manures 
under most conditions will be decomposed sufficiently rapidly in the soil 
without the addition of stable manure. 
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CONCLUSIONS FROM EXPERIMENT II 


The conclusions to be drawn from Experiment II are as follows: It is, 
of course, understood that it is not proposed that they hold for all soils 
under all conditions. However, it is believed that some generalizations 
are possible. 

(1) Soil organic matter decomposes more rapidly under limed than 
under unlimed conditions. 

(2) When organic matter in the form of stable manure and the green 
manures oats and clover is added to the soil, the total organic matter— 
that is, the organic matter of the soil plus the added organic matter— 
decomposes more rapidly under the influence of lime than without it. 
When the added organic matter alone is considered the rate of decompo- 
sition is lessened by the lime. 

(3) The carbon of stable manures is evolved as carbon dioxid from 
soil under unlimed conditions to the extent of approximately 55 per cent. 
The carbon of oats under like conditions is evolved to the extent of 79 
per cent and that of clover 95 per cent. Under unlimed conditions the 
amount of stable-mauure carbon evolved is only slightly less than under 
limed conditions, while only about 57 per cent of the carbon of oats and 
53 per cent of the carbon of clover is given off under limed conditions. 

(4) All the manures tended to conserve the lime. 

(5) Under unlimed conditions stable manure did not increase the rate 
of decomposition of the green manure as measured by the evolution of 
the carbon dioxid. With lime there was a slight increase in the amount 
of carbon given from the green manure when used with the stable manure 
over that given by the green manure when the latter was used alone. It 
should be recalled that in the former experiment stable manure enhanced 
the rate of decomposition of the green manure only to a slight extent. 

(6) There is not a very great difference in the rate of decomposition 
of the green manure when added in a finely ground, dry state and when 
used fresh and in a relatively coarse state of subdivision. 
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EUPATORIUM URTICAEFOLIUM AS A POISONOUS 
PLANT 


By C. Dwicut Marsn, Physiologist in Charge, and A. B, CLawson, Physiologist, 
Poisonous Plant Investigations, Pathological Division, Bureau of Animal Industry, 
United States Department of Agriculture. 


INTRODUCTION 


Among the suggested causes for the disease popularly known as miilk 
sickness, trembles, slows, tires, etc., has been the plant commonly called 
white snakeroot (Eupatorium urticaefolium, the Eupatorium ageratoides 
of the older literature). Arguments have been advanced in extenso both 
for and against this theory. In later years the possibility of the connec- 
tion of this plant with the disease has lessened since Crawford (4) * in 
1908 published his negative pharmacological work and Jordan and 
Harris (7) in 1909 published their paper on the Bacterium lactimorbi. 
While there have still been authors who clung to the white snakeroot origin 
of the disease, it has been rather generally believed that the real cause 
was not a plant poison but more likely a disease-producing germ. 
Although the investigation of the subject has been carried on by the 
Department of Agriculture for some years, little attention has been paid 
to the question of the connection of this plant with the disease, as it was 
thought probable that it should be disregarded. 

In the fall of 1914 there were some cases of milk sickness near Beecher 
City, Ill., and the attending physician, Dr. E. R. Brooks, made some 
experiments with the E. urticaefoliwm which led him to think it to be 
connected with the disease. At his solicitation a representative of the 
department visited the neighborhood, and arrangements were made to 
conduct a series of feeding experiments with a view to determine, if pos- 
sible, whether or not the plant produced the disease. The experiments 
were carried on during the fall and winter of 1914 and 1915 at Wash- 
ington and during the fall of 1915 near Beecher City. The material used 
in the first season was collected by Dr. Brooks and shipped to Washington, 
where it was fed both in fresh and Cried condition. All the material 
used in the fall of 1915 was fed fresh from the immediate neighborhood 
of the experiment. 

The general results of the experiments in their relation to the disease 
of milk sickness are not in form for publication, but it has been clearly 
demonstrated that E. urticaefolium must be counted as one of the rather 
important stock-poisoning plants, which produces serious losses of domes- 
tic animals. On this account it seems wise to publish the results so far 
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as they relate to E. urtucaefolcwm as a poisonous plant, with the hope that 
some of the losses may be avoided; for it is evident that while in many 
localities this plant is suspected to be the cause of milk sickness, its 
importance as a stock-poisoning plant has received little recognition. 


DESCRIPTION OF THE PLANT 


Eupatorium urticaefolium Reichard (Pl. 52) quoted as E. ageratoides L. 
in the older botanies, is a slender, erect, perennial herb, belonging to 
the family Compositae. Its leaves, which are 3 to 5 inches long, are 
opposite, broadly ovate, pointed, sharply toothed and thin, and have 
rather long petioles. The stems are viscid-villous. The small white 
flowers are in compound corymbs of 8 to 30 flowers, appearing in the late 
summer and fall. The plants are from 1 to 4 feet in height. 

It is found widely distributed in the eastern United States and as far 
west as Minnesota, Oklahoma, Nebraska, and Louisiana. Its favorite 
habitat is in rich, damp woods. It is abundant in the groves along the 
watercourses of the Middle States, and grows with special profusion in 
the so-called coves, or damp, shaded ravines, of the north slopes of 
the southern Appalachians. It is by no means, however, confined to 
shaded situations, for it sometimes grows in masses on cleared hillsides 
in the open. 

It is commonly known as white snakeroot. Other names which 
have been applied to it are white sanicle, Indian sanicle, deerwort, bone 
set, poolwort, poolroot, richweed, squawweed, whitetop, and steria. 

The root has been used in medicine as a diuretic and antispasmodic. 

The common thoroughwort, Eupatorium perfoliatum L., which grows 
in similar localities, but usually on soils with more moisture, is readily 
distinguished from E, urticaefolium, as it is a coarser plant and the leaves 
are long, narrow, rugose, and, as the name indicates, are without petioles 
and are united around the stem. 


EXPERIMENTAL WORK 


In the experimental work of 1914 three head of cattle and two head of 
sheep were used. Following is the detail of the experiments. 

CaF 668.—This animal was a bull calf, born in March, 1914, and kept 
during the summer in a pasture on the department farm at Arlington, 
Va. It was brought into the barn for experimental feeding October 7. 
It was in good condition and weighed 340 pounds. 

The plants fed to this animal were shipped from Beecher City, Ill., and 
consisted of stems, leaves, and flowers, which were fed in as fresh a con- 
dition as possible, but had lost some moisture, so that the weights of 
material fed probably represented a somewhat larger quantity of the 
strictly fresh plant. 

The animal received and ate the plants as follows: October 8, 4.5 
pounds; October 10, 9.5 pounds; October 12, 7 pounds; and October 14, 
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7 pounds. He received, all told, on the basis of 1,000 pounds of animal 
weight, 82.4 pounds of E. urticaefolium, a daily ration of 11.8 pounds, 
during the time he was eating. During this time he was also fed hay in 
quantities not weighed on October 9, 13, 14,and 15. No symptoms of 
poisoning were shown until October 15. On this day the animal was 
depressed and constipated. He lay down much of the time, and some- 
times refused to rise. He ate very little of the hay. On the 16th his 
condition was unchanged. On the 17th he could get up, but would do 
so only with considerable urging. He showed no desire to eat either 
hay or green grass. He was taken out of the pen, and after beingled 
around a little, trembled violently and lay down. It was difficult to 
make him get up and return to the pen. On October 18 and 19 he grew 
gradually weaker. He could get upon his feet, but trembled violently 
when standing. The respiration was rapid. He ate nothing except 
a few handfuls of grass and a very little grain. 

He died on the morning of October 20 without any struggle. Death 
occurred on the sixth day after the last feeding of E. urticaefoliwm. 
Observations upon the temperature during the illness showed nothing 
abnormal. 

In the autopsy, petechize and hemorrhagic spots were found on the 
heart, both on the auricles and ventricles and also on the aorta and 
vena cava. ‘The walls of the duodenum, jejunum, and ileum were con- 
gested, and there were homorrhagic spots on the cecum. The liver 
was light in color, possibly somewhat degenerated. There was nothing 
else abnormal. 

But, 663.—This animal, a bull, was brought in for feeding October 7, 
1914, He had been in pasture on the Arlington farm since the preceding 
March and was in good condition, weighing 692 pounds. 

The plants used for this animal had been shipped in from Beecher City, 
and autoclaved at a pressure of 7 pounds in order to destroy any possible 
germs of disease. This sterilized material was fed as follows: October 
8, 5.2 pounds; October 10, 10.5 pounds; October 12, 26 pounds; October 
14, 29 pounds; October 15, 15 pounds; making a total in 8 days of 85.7 
pounds. On the basis of 1,000 pounds of animal weight, this would 
have been 123.8 pounds of E. urticaefoliwm, an average daily ration of 
15.45 pounds per 1,000 pounds of animal weight. Hay was given on Octo- 
ber 13 and 15 and on the days following. No symptoms were noted until 
October 15; then the animal exhibited constipation and a loss of appetite. 
On the 17th when he was led about, the exercise caused more or less 
labored breathing and there was some trembling of the muscles of the 
flanks, hips, and muzzle. On the 19th he was somewhat worse; he had 
little appetite, showed a disinclination to stand, and exhibited the same 
muscular trembling as on the 17th. On October 20, while still disin- 
clined to stand, he, on the whole, showed improvement, and after this 
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gained steadily. On the 23d he was returned to the pasture and seemed 
to be recovered from his indisposition. His temperature was normal 
during the experiment. 

This bull received a second feeding of E. urticaefolium from January 
7 to 21, 1915. This was of dried material which was ground up and 
mixed with grain. In the 15 days of the experiment he ate 103 pounds 
of this material. It was found by tests that the plant loses in drying 
65 per cent, so that he ate an equivalent of 294.3 pounds of fresh plant. 
As the animal at this time weighed 760 pounds, this amounted to 387.2 
pounds of E. urticaefolium per 1,000 pounds of animal weight, and the 
average daily ration on this basis was 25.8 pounds. 

When this experiment was begun, the animal was very active. On 
October 15 he was rather dull, and on January 20 and 21 he was decidedly 
depressed and exhibited slight trembling. There were no further symp- 
toms. The temperature remained normal during the experiment. 

Cow 122.—This was a Jersey cow, 4 years old, that had been used as 
a milch cow during the preceding summer. She had been tested in the 
fall for tuberculosis and gave a positive reaction. At the time of the 
experiment she weighed 785 pounds. 

From December 15, 1914, to January 8, 1915, she was fed on E. urticae- 
jolium that had been collected and dried at Beecher City. This was fed 
with hay and grain. She received a total of 96 pounds, which would be 
equivalent to 274.3 pounds of fresh plant. On the basis of 1,000 pounds 
of animal weight, this cow received a total of 394.4 pounds, or an average 
daily ration of 14.1 pounds. 

Except for some constipation in the early days of the experiment, 
there were no ill effects from the feeding. Her temperature remained 
normal during the experiment and she weighed 790 pounds on January 7. 

SHEEP 308.—A female spring lamb, weighing 80 pounds, was given 
E. wrticaefoliwm from Beecher City on October 24, 26, and 28,1914. None 
of that given on the 28th was eaten, and the total quantity eaten on the 
other days was 5 pounds. The animal was fed hay on October 25 and 
was later given what grain she would eat. The total quantity eaten was 
equivalent to 6.25 pounds per hundredweight of animal. In the forenoon 
of October 26 she exhibited a lack of appetite, eating nothing, and some 
mucus was running from the nose. At 3.30 p. m. she showed marked 
depression and was standing humped up, with the head held low, and 
brownish green material running from the mouth. When led about, she 
began to stagger and tremble, the trembling appearing first in the shoul- 
ders. When left alone, she lay down. In the forenoon of October 29 
she was found lying on the left side with legs extended. She was raised, 
but could not stand alone. She remained in this condition, growing 


gradually weaker through the 30th and died between 2 and 4 a. m. on 
October 31. 
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Her temperature was normal during the experiment, except that it 
was rather high on October 30. In the autopsy the only positive abnor- 
mal condition was a congested duodenum. 

SHEEP 309.—This was a female spring lamb weighing 84 pounds. She 
was fed upon autoclaved E. urticaejolium. This was given October 24 
and 26, 1914, and the uneaten material was removed on the 29th. She 
ate in this time 4 pounds, or 4.4 pounds per hundredweight of animal. 
There was no effect from this feeding. 

On November 2 she was given autoclaved material, the feeding being 
given by the balling gun. When she had received 1.38 pounds she com- 
menced to salivate, and the feeding was terminated. She frothed at the 
mouth, was nauseated, and her breath had a bad odor. On November 3 
she showed a lack of appetite and preferred to lie down. When led about, 
she walked unwillingly, showed marked trembling, and soon lay down. 
Plate 53, A, shows the weakness of the animal, and Plate 53, B, while 
apparently a poor picture, shows by the indistinctness of the sheep as 
compared with other objects the continuous trembling to which the 
animal was subject when on its feet. On November 4 the symptoms were 
more marked. When led about, she trembled violently and soon fell. 
This was repeated several times. The respiration and pulse were very 
rapid when attempts at movement were made. The temperature was 
104.2° F. This condition continued through November 5, the tempera- 
ture varying from 104.8 to 105.4. In the forenoon of the 6th the tem- 
perature was 105.8, and the respiration was labored and noisy. The 
animal was unable to stand, and there were occasional convulsive move- 
ments of the body muscles. She died at 4.30 p. m., and an autopsy was 
made on the morning of November 7. Nothing abnormal was found 
except possible congestion of the duodenum and small intestine and a 
similar condition of the liver and kidneys. 

SHEEP 310.—This was a ewe about 6 months old, weighing 66 pounds. 
January 29, 1915, dried plants of E. urticaefolium ground to a powder and 
mixed with water were fed with a balling gun, 1.75 pounds being used. 
This was equivalent to 7.6 pounds of green material per 100 pounds of 
animal. It produced no bad effect. 

On February 9 another feeding of 3 pounds of similar material was 
made in the same way. This was an equivalent of 13.82 pounds of 
green: material per 100 pounds of animal. It, too, produced no effect 
besides evidence of discomfort from the large feeding. As will appear 
in the general discussion, the failure to produce intoxication was prob- 
ably due to the fact that the plant in drying loses much of its toxicity. 

Cow 699.—This animal, which was fed at Fancher, Ill., in the fall of 
1915, was an old milch cow, estimated to weigh 1,000 pounds. She was 
in good condition, giving a good flow of milk. She was fed from Sep- 
tember 21 to 30 on fresh material of E. urticaefolium, including stems, 


leaves, and flowers; this was mixed with grass and bran. She received 
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during this time 106 pounds of E. urticaefolium, 138 pounds of grass, 
and 11.5 pounds of bran, an average daily ration of 10.6 pounds of 
Eupatorium, 12.5 pounds of grass, and 1 pound of bran. The material 
was kept before her constantly in the attempt to make her eat as much 
as possible. She did not take kindly to the E. urticaefolium, and it was 
necessary to keep mixing fresh grass with it. A calf (No. 700) was 
allowed to take all her milk. 

On September 30 it was evident that she was losing in activity and 
that her flow of milk was much reduced. She moved slowly and after 
a little exercise trembled noticeably in the shoulders, hips, and thighs. 
On October 1 she was much constipated and strained when defecating. 
She ate no E. urticaefolium and even refused to pick grass out of the 
mixture. On October 2 she was lying down and unable to get on her 
feet. Grass was offered to her, and she tried to eat it. The nose and 
lower jaw trembled violently. After attempting to rise, she went over 
on her side, with marked trembling about her head. Her flow of milk 
had nearly stopped. On October 8, in the morning, she was found dead. 

Her temperature during the experiment was rather low, but hardly 
subnormal. At the autopsy the liver was somewhat yellowish, the 
duodenum was slightly congested, and the ileum showed many paiches 
of congestion. Nothing else abnormal was noticed. 

CALF 700.—This was a male calf which on September 21 was only 2 or 
3 days old. He was put with cow 699 and took all her milk supply. 
He showed no ill effects from the milk, but suffered from lack of nourish- 
ment as the cow began to dry up. 

From October 4 to 9 he was fed with E. urticaefolium by the balling 
gun, receiving a total of 5.6 pounds. This would be equivalent to 56 
pounds for a 1,000-pound animal, or an average daily ration of 9.3 
pounds for six days. During this time he was fed on skimmed milk. 
He showed nausea on October 8, and on the gth this was accompanied 
by vomiting, with loss of appetite. On October 7 and 8 he shivered at 
times, but this may have been due to insufficient food rather than to 
any toxic effect of the E. urticaefolium. He was killed and autopsied 
on October 10. The result of the autopsy was entirely negative. 

SHEEP 367.—This sheep, a yearling ewe weighing 60 pounds, was fed 
at Fancher, Ill., from September 22 to 28, inclusive, on fresh plants of 
E. urticaefolium. She ate 1.1 pounds on September 22, and on the re- 
maining days, except September 24, she was given the material by a 
balling gun, receiving all told 4.3 pounds, or on the basis of 7.1 pounds 
per 100 pounds of animal, an average daily ration of 1 pound. 

In the afternoon of September 25, after having received the plant at 
the rate of 3.8 pounds per 100 pounds animal weight, the sheep appeared 
inactive, preferring to lie down. On September 26 it was thought that 
she trembled some after being exercised, and there was some trembling 
of the jaw when she was being fed with the balling gun. On September 
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27 she was constipated; no further evidence of trembling. On Septem- 
ber 28 she trembled after exercise in the morning, and the lower jaw 
trembled when she was being fed with the balling gun. She grew weaker 
during the day, lay down most of the time, ate very little, and trembled 
when on her feet. From September 29 to October 1 her condition con- 
tinued much the same as on September 28, with gradually increasing 
weakness until on October 1 she was unable to rise or even to remain 
in an upright position, and lay on her side during the day. Plate 54 
shows the condition of the animal. The urine and feces were bloody. 
She was found dead on the morning of October 2. There had been 
almost a complete loss of appetite, so that she had eaten very little 
during the experiment and weighed after death only 43 pounds. 

The records of temperature, pulse, and respiration showed nothing 
unusual except a rather high pulse rate. The autopsy showed nothing 
distinctly abnormal, except that the liver had a spotted appearance and 
was possibly somewhat degenerated. 

SHEEP 368.—This was a ewe about 4 years old, weighing roo pounds. 
She was fed at Fancher, IIl., from September 22 to 24, 1915, with the 
balling gun, receiving a total of 5 pounds, an average daily ration of 1.7 
pounds. She became nauseated during the feeding on September 23, 
but showed no further symptoms at that time. While being fed in the 
morning of the 24th some trembling of the nose was noted and the animal 
preferred to lie down. A little later the trembling and weakness became 
more marked, increasing until she was unable to stand and went over 
upon her side, salivating and vomiting. Plate 55 shows her condition 
at this time. She died at 1.30 p. m., having lost 12 pounds during the 
experiment. Her temperature remained normal during the experiment. 
In the autopsy the only marked change was in the liver, which presented 
a mottled appearance. 

SHEEP 369.—This animal was a yearling ewe weighing 63 pounds. She 
was given E. urticaefoliwm with the balling gun, at Fancher, Ill., from 
October 3 to 7, 1915. She received 0.22 pound on October 3, and on the 
following days received four feedings of 0.22 pound each, thus getting 
all told 3.7 pounds. On the basis of an animal of 100 pounds this would 
be 5.9 pounds, or an average daily ration of 1.2 pounds. 

While she was being fed in the afternoon of October 5, after about 1.5 
pounds of the plant had been eaten, there was some trembling of the 
head. At the end of the first feeding on October 6 there was trembling 
of the jaw; at this time about 2.2 pounds had been eaten. There were 
no other symptoms until the morning of the 8th. When first seen on 
that day, she was lying down, and when made to rise walked a little way 
and lay down. The respiratory movements were deep and jerky, and 
she lay with the eyes half closed, grunting with each expiration. A little 
later when made to rise she stood humped up and moved about uneasily. 
The forelegs began to tremble, the trembling increasing in violence for 
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about five minutes, when she lay down. She gradually grew weaker, 
exhibiting a repetition of the same symptoms. On the morning of 
October 10 she could still stand for a few minutes. She was killed at 
9g a. m. on that day, and an autopsy was made. The autopsy showed 
nothing that could be considered abnormal. The records of temperature, 
pulse, and respiration showed nothing that could be considered specifically 
abnormal. 
LETHAL DOSE 


The experiments were too few in number to make it possible to speak 
positively in regard to the lethal dose. The results, however, are sig- 
nificant. 

SHEEP.—Excluding No. 310, which was fed on the dry plant, consider- 
ing No. 369 as a case of death, for this animal would have died, without 
doubt, and adding the amounts of the two feedings of No. 309 for reasons 
which will appear later, the average lethal dose was 6.05 pounds per 
hundredweight of animal, with a minimum of 5 pounds and a maximum 
of 7.1 pounds. The variation from the average is so little that it is 
probably safe to say that the lethal dose for sheep is about 6 per cent of 
the animal’s weight. 

CaTTLE.—For the cattle the average lethal dose of the two fatal cases, 
Nos. 668 and 699, is 94.2 pounds per 1,000 pounds of animal. If it can be 
assumed that these are average cases, it would appear that the lethal dose 
for cattle is about 10 per cent of the animal’s weight. Cattle apparently 
are somewhat less susceptible to the poison than sheep. 


TOXIC DOSE 


The experiments with the sheep failed to show any difference between 
the lethal and toxic doses. 

In the case of the cattle, No. 699 showed symptoms on 82.6 pounds per 
1,000 pounds of animal, and succumbed after 106 pounds, and No, 663 
showed symptoms after 123.8 pounds of autoclaved material. No. 700 
exhibited symptoms after 56 pounds, but in this case there was a com- 
plication because of the animal’s weakness from lack of food. It appears 
then that the margin between the toxic and lethal limits is quite narrow. 


EUPATORIUM POISONING CUMULATIVE 


While there was some evidence that the toxic dose was smaller when 
the material was given in a short time, this difference was comparatively 
slight. It appears from the experimental cases that the elimination of 
the toxic substance takes place very slowly, so that there is a distinct 
cumulative effect. This was evident both in the cattle and in the sheep. 
This may explain the fact that sheep 309 was killed in a forced feeding 
of only 1.6 pounds per hundredweight on November 2, 1914. From 
October 24 to 26 it had received 4.4 pounds with no symptoms. The 
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combined feeding of the two periods was 6 pounds, the quantity which 
appears to be the average toxic or lethal dose; and if it is assumed that 
the toxic substance of the first period had not been eliminated the fatal 
effect of the small forced feeding may be explained. 


SYMPTOMS 


The most noticeable symptom and perhaps the most typical is tremb- 
ling, which is seen especially in the muscles about the nose and in those 
of the legs. This becomes marked after exercise, and may be violent, 
ending in the animal falling to the ground. 

In some cases trembling is the first symptom noted, but in others there 
is a preceding period of marked depression and inactivity. 

In most cases the animals are constipated, and some have bloody feces. 

Generally when fed intensively the animals are nauseated, and this is 
sometimes accompanied with vomiting. 

The respiration is normal, except that during exertion it is quickened 
and somewhat labored. 

In the average of cases there were no significant changes in tempera- 
ture. In one or two cases it was slightly lower than normal, and in 
others somewhat higher than normal, during the latter part of the illness. 

Weakness is very pronounced. The animals have difficulty in stand- 
ing and sometimes remain down for a prolonged period before death. 
Sometimes they live for several days after the appearance of the first 
symptoms. 

AUTOPSY FINDINGS 


Generally speaking, there was more or less congestion in the duodenum 
and ileum. The liver in most cases showed evidence of a pathological 
condition, presenting the appearance of ‘‘nutmeg liver.’’ Except in the 
liver and intestine, there was no evident abnormal condition. 


PATHOLOGY 


Microscopic examinations have been made of various tissue from ani- 
mals poisoned by E. urticaefolium. Two organs, the liver and kidney, 
show pathological changes of a significant nature. 

LivER.—The livers from those animals which were autopsied shortly 
after death in all cases showed a condition of fatty infiltration, and most 
of them showed congestion, either acute or subacute. The fat globules 
were formed within the cells, in some cases occupying nearly the entire 
cell body. The globules were variable in size. They were least numer- 
ous in the case of calf 700 and most marked in the case of cow 669. It 
is to be noted that cattle 669 died from the effect of the plant, while calf 
700 did not show positive symptoms. 

Of the sheep, No. 368 showed very marked congestion, the cells of the 
lobules, more particularly near the vena centralis, being pushed far apart, 
giving the appearance of nutmeg liver. In cases Nos. 367, 368, and 369 
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the fat globules were more noticeable on the peripheral cells of each 
lobule. Sheep 369 showed pronounced necrosis of the cells in certain 
areas. In sheep 367 the liver had apparently been congested, as the cells 
about the vena centralis were pushed apart. 

KmNEY.—The kidney sections from all animals examined were very 
similar in pathological appearance. The lumina of the tubules, more 
particularly those near the periphery, and including the convoluted 
tubules and the loop of Henle, contained a serous exudate, showing that 
congestion had existed. There were few normal cells remaining, most of 
them having begun to break down, the portion of the cells next the 
lumen having sloughed off, leaving the edge irregular and ragged. ‘The 
remains of such cells could often be seen in the lumina. Most of the 
blood vessels excepting the capillaries were well filled with blood, which, 
taken with the serous exudate in the lumina of the tubules, indicates a 
subacute stage of congestion. In the case of cow 699 the capillaries as 
well as other blood vessels were distended with blood. The condition of 
degenerated epithelial cells would suggest the presence of some irritating 
substance. 

While certain pathological conditions were found in the lung tissue of 
some of the cases, they were not constant enough to be considered 
significant. 


ANIMALS SUSCEPTIBLE TO EUPATORIUM POISONING 


The writers’ experiments were with cattle and sheep. Definite feeding 
experiments have been made by others, as will be shown later, which 
prove the toxicity of the plant for horses, and extracts have poisoned 
cats, dogs, and guinea pigs. So far as reported experimentation goes it 
appears that no animals are immune to the toxic principle of the plant. 

In regard to man, the definite evidence is hardly conclusive, in spite 
of a number of instances in which the plant or an extract is said to have 
been poisonous. Some of these cases are clearly apochryphal. But on 
the whole there seems to be little doubt that human beings may be poi- 
soned by the plant if a sufficient dosage is used. 


COMPARATIVE TOXICITY OF GREEN AND DRY PLANT 


The dry plant was fed by the balling gun to sheep 310 on January 29 
and February 9, the animal receiving the equivalent of 7.6 pounds of 
green plant per hundredweight on the first date and 13.82 pounds on the 
second. ‘The first feeding was more than the average toxic dose of the 
fresh plant and the second feeding more than twice that amount, but 
there was no evidence of poisoning in either case. 

Two head of cattle were fed on dry material, No. 122 receiving the 
equivalent of 274.3 pounds of green plant per 1,000 pounds with no 
effect, while No. 663 received the equivalent of 294.3 pounds with only 
slight symptoms. This latter amount was nearly three times the esti- 
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mated toxic dose of the fresh plant. It seems that without doubt the 
plant loses a large part of its toxicity in drying. 


ARE THE MILK AND FLESH OF POISONED ANIMALS POISONOUS? 


Milk from cow 122, during the period in which she was eating EF. urti- 
caefolium, was fed to cat 3 and dog 15. It should be noted in this con- 
nection that cow 122 received dry material and showed no symptoms of 
poisoning. While it is generally stated that ‘‘milk-sick’’ cows show no 
symptoms while giving milk, it is evident not only from the experiments 
of the Department of Agriculture but from the testimony of others that 
cows even when giving milk can show symptoms of Eupatorium poisoning. 

Cat 3 was an old animal. He drank the milk for about a week and 
then refused it, and some time later died. There was no evidence that 
the milk injured it, and its death was due to old age. 
¢ Dog 15 was fed milk from the same cow from December 20 to Decem- 
ber 31 with no deleterious effect. 

Meat from cattle 668 and sheep 309, both animals having died from 
Eupatorium poisoning, was fed to dog 11 from October 23 to November 
16. During this time the dog ate over 60 pounds of meat, or an average 
of about 2.4 pounds a day. As he weighed only 15 pounds, he ate 4 
times his weight of meat. He was in poor condition at the conclusion 
of the experiment, and died some days later. There were no definite 
symptoms, and probably the death was not due to FE. urticaejolium. It 
must be recognized, however, that it is possible that the plant had some 
injurious effect. 

Dog 12, weighing about 10 pounds, was fed like dog 11 from October 23 
to November 16 on the meat from cattle 668 and sheep 309, eating 18.9 
pounds, without any effect. 

Dog 21, an old shepherd dog, was put in a pen with the meat from cattle 
699, which had died of Eupatorium poisoning. He ate very little, and 
later the meat was cooked and fed to him from October 5 to 9, 1915, dur- 
ing which time he ate 614 pounds. He refused to eat more, and was killed 
and autopsied on October 10. His lack of appetite was doubtless due to 
his age. The result of the feeding and of the autopsy was entirely 
negative. 

During the time of the experiment with dog 21 two or three hounds 
from a neighboring farm broke into the pen where the meat was kept 
and practically cleaned up the skeleton. None of the dogs were known 
to be poisoned. 

While the experiments with the flesh of poisoned animals can not be 
considered conclusive, everything points to the probability of the harm- 
lessness of the meat. 

In this connection it may be noted that Mr. George Walker, of Andrews, 
North Carolina, a region where trembles in cattle is common, has called 
attention to the fact that during the Civil War both armies, when in 
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that neighborhood, took all the animals they could get, and, under the 
circumstances, the owners did not take pains to point out the animals 
affected with trembles, although doubtless many such were used, and 
yet there were, so far as known, no bad results. 


BACTERIA NOT THE CAUSE OF ILLNESS IN ANIMALS FED WITH 
EUPATORIUM URTICAEFOLIUM 


Cultures were made from the blood of bull 663 and calf 668 and from 
the milk of cow 122. In connection with the feeding experiments with 
cow 699 and calf 700 and sheep 368 and 369, cultures were made from 
the skin, liver, spleen, feces, and milk. From these cultures were isolated 
the individual organisms, where any were found. Out of all these cul- 
tures two of the bacteria bore some resemblance to the Bacterium lacti- 
morbi of Jordan and Harris, but it seemed reasonably certain both from 
the morphological and cultural characters that they were not identicat 
with it. The one that showed the most resemblance to Bact. lactimorli 
was inoculated into dogs with no results. It should be noted, too, that 
bull 663 showed toxic symptoms of illness from autoclaved material, and 
sheep 309 was killed on plants treated in that manner. 

These experiments, while not sufficient in number for positive proof, 
make it probable that it is a toxic substance in the plant which causes 
the illness, and not the presence of pathogenic bacteria. 


RELATIONSHIP BETWEEN POISONING BY EUPATORIUM URTICAEFO- 
LIUM AND MILK SICKNESS 


There is no question that FE. urticaefolium is poisonous and produces a 
line of symptoms closely resembling those said to be typical of milk 
sickness in cattle and other animals. Most of the so-called milk-sick 
cases in cattle occur in localities where E. urticaefolium grows. Field 
cases seen by the writers have the same symptoms as those which have 
been observed in experimental animals and have been diagnosed as 
intoxication by E. urticaefolium. There seems little doubt that many 
if not most cases of milk sickness or trembles in cattle are caused by this 
plant. It does not follow, however, that all cases of milk sickness are 
produced by E. urticaefoliwm. 

Somewhat extended bacteriological investigations by the writers of 
this paper, the results of which will be reserved for another paper, 
appear to substantiate the claim of Jordan and Harris that there is a 
bacterium widely disseminated in the soil and on plants, which, under 
certain conditions—conditions for the most part unknown—produces a 
disease in man and animals, in which symptoms are exhibited which 
appear to be those of milk sickness. 

Very much more work is necessary in order to clear up the subject, 
and definite plans have been made for extended work to this end; but 
it seems highly probable at this stage of the investigation that under 
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the terms ‘‘milk sickness’’ or “‘trembles’”’ are included at least two dis- 
tinct things, one the poisoning of animals by E. urticaefoliwm, and the 
other a bacterial disease to which both animals and men are susceptible. 

Although the question of the differential diagnosis of the two diseases 
will be discussed in detail in the report of the bacteriological investi- 
gations, it may be noted here that trembling appears to be more dis- 
tinctly characteristic of Eupatorium poisoning, and that a subnormal 
temperature is one of the diagnostic symptoms of the bacterial diseases, 
while poisoning by E. urticaefolium produces no distinct effect on the 
temperature. 


CONDITIONS UNDER WHICH ANIMALS MAY BE POISONED 


It is known that stock may be pastured where E. urticaefolium is 
abundant, and that the use of these pastures may be continued for 
years with no harm. Most of the cases of poisoning occur in the late 
summer and fall and generally in years when there is a deficiency of 
moisture and a consequent shortage of forage grasses. Cases also occur 
when grazing animals are confined to a limited area on which the plant 
is abundant. The experimental work shows that E. urticaefolium is 
not palatable to our domestic animals and that they will avoid it in 
the presence of other foods. As in the case of most stock-poisoning 
plants, there is a direct relation between shortage of food and cases of 
poisoning, although, of course, sporadic cases may occur under other 


conditions. 
REMEDIES 


Sick animals should be treated with remedies to relieve the constipation 
and increase elimination. To this end purgatives may be used, of which 
perhaps Epsom salts is the best. This should be used in doses of 1 pound 
for a 1,000-pound animal. The feed should be laxative, like bran, oil 
meal, etc. In parts of North Carolina it is customary to feed milk-sick 
animals with green corn and pumpkins, and there is good reason to 
consider this a desirable diet. 

Inasmuch as the toxic substance of the plant is eliminated very slowly, 
quick recovery must not be expected, and the animals should be given 
somewhat prolonged attention. 


PREVENTION 


In many places milk-sick areas have been fenced off with consequent 
prevention of losses. In some localities where E. urticaefolium is par- 
ticularly abundant this evidently is advisable. The clearing of land and 
seeding to corn, grain, or grasses will of course stop the trouble. It has 
long been known that trembles affects animals pastured on unbroken 
land and that the disease disappears after cultivation. 

So far as getting rid of the plant is concerned, however, it must be 
remembered that partial clearing is not sufficient. It is true that the 
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plant favors damp, shaded places, but it sometimes grows most luxuriantly 
on partially cleared land. It has been noticed in the mountains of North 
Carolina that the plant increases enormously on cleared land, and only 
disappears after the land has been seeded down. 

If the poisonous character of the plant is recognized, much can be 
accomplished by so handling the animals that they do not graze largely 
in areas where E. urticaefoliwm is abundant. 


PREVIOUS EXPERIMENTAL WORK ON EUPATORIUM URTICAEFOLIUM 


The results of the experimental work undertaken by the writers 
were so definite and convincing that it seemed best to reexamine the 
literature of milk sickness with reference to the results obtained by other 
authors. Although the literature is very extensive and E. urticaejfolium 
has long been suspected as a possible cause of the disease, the published 
statements in regard to the plant are not very numerous. 

Apparently the first published statement in regard to the effect of 
E. urticaefolium was by Rowe (14) in the Ohio State Journal of September 
6, 1839. He made a public experiment of feeding ‘ ‘the weed” on the 
farm of Francis Asbury, and published a statement by Mr. Asbury with 
affidavits by four other men. ‘The weed” was fed to a cow for seven 
days, together with common feed. A 3-months-old calf took the milk 
of the cow during that time, exhibited symptoms of trembles on the sixth 
day, and died on the ninth. A yearling steer at the same time was fed 
with ‘ ‘the weed” and other necessary feed, had the trembles, and died 
at the end of seven days. It is stated in the report of the Ohio State 
board of agriculture for 1858 (9) that the weed used was Eupatoriwm 
ageratowdes. 

A statement that E. urticaefolium (ageratoides) may be the case of 
milk sickness was made by Barbee (1) in 1840. He says that Dr. Owen 
told him that he had produced trembles in a calf by an extract of the 
plant. Barbee himself gave a decoction to a dog and produced “ shaking 
palsy,” vomiting, and death in three hours. 

Drake in 1841 (7, p. 215-216) tells of two specific cases in which 
cattle were turned into pastures covered with E. ageratoides without 
any bad results. 

Dewey in 1854 (6), thinks the cause of the disease is a 
succulent plant, which grows in damp and thickly shaded bottoms, and bears a 
white blossom until late in the autumn. 

Probably the plant thus described is E. urticaefolium. He states 
that he knows all the symptoms of the disease were produced in calves 
by experimental feeding of this plant. ; 

In the Thirteenth Annual Report of the Ohio State Board of Agri- 
culture (9), printed in 1859, is an unsigned article, probably written 
by Townshend, in which is a letter from W. J. Vermilya. Vermilya in 
1855 put 200 sheep in a field containing E. ageratoides, saw them eat 
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the plant, and lost 8 lambs that had developed, the trembles. In 1856 
he fed the plant to a mare, beginning the feeding on October 12. Symp- 
toms of trembles were very pronounced on October 21, and on the 23d 
the animal died. During the illness the animal was examined by three 
doctors, two farriers, and other citizens, and all agreed that the mare 
had the trembles. 

William Jerry, of Madison County, IIl., in 1867 published in the 
Missouri Republican a statement which was reprinted in the Medical 
and Surgical Reporter of Philadelphia (73), that he had been made 
violently ill with symptoms of milk sickness by eating E. ageratoides 
prepared as greens. He also produced sickness in a dog by a decoction 
of the plant. Sawyer in the same number of the magazine says that 
he has experimental evidence that the plant will produce in animals a 
disease very similar to milk sickness. 

Moseley in 1906, in a detailed article (10), in which he states positively 
that E. ageratoides is the cause of trembles in animals and of milk sick- 
ness in man, relates may cases of poisoning of animals by the plant in 
Ohio pastures, and gives details of his own successful experiments with 
the plant and with extracts, using as experimental animals cats, dogs, 
rabbits, and sheep. 

Crawford in 1908 (4) discusses Moseley’s investigations and records 
a series of experiments on rabbits, cats, dogs, sheep, and man, for the 
most part made with extracts, from which he draws the conclusion 
that E. ageratoides is not the cause of milk sickness.' 

Brooks in 1914 (2) states that his experiments show that both cattle 
and sheep are poisoned by the plant, the sheep being the more sus- 
ceptible. He states that an animal must eat about 10 per cent of its 
weight in order to be poisoned. 

Clay (3) fed two head of cattle and one sheep on fresh-cut material 
of the plant, and all died within three days with symptoms of trembles. 

The results obtained by these authors were so concordant that it now 
seems strange that more importance was not attached to them. The 
experiments of Vermilya were especially conclusive. The fact that in 
the coves mentioned by Drake no bad results followed the pasturing of 
cattle is, of course, only negative evidence. 

Even in the experiments by Crawford, from which he concluded that 
the plant was not harmful, an examination of the cases shows that of 
the eight rabbits tested with extracts four died and one other exhibited 
trembling of the muscles. The cat used was sick. The dog and sheep 
used showed no symptoms, but the doses given were very small. The 
same thing was true of the dose given to himself, for, granted that he 
weighed 150 pounds, the dosage was only 0.44 of 1 per cent of his weight. 





1In 1909 (rr) and 1910 (172), in papers intended to prove that aluminium phosphate in plants is the cause 
of milk sickness, Moseley details other successful experiments with feeding the plant to rabbits and cows 
and claims to have produced the disease in rabbits and cats from the milk of diseased animals, in cats by 
butter, and in cats from the meat of diseased rabbits. 
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Inasmuch as the experiments detailed in this paper show that the toxic 
dose for animals is from 6 per cent to 10 per cent of their weight, symp- 
toms would hardly be expected from the small quantity which Crawford 
administered to himself, even if man were vastly more susceptible than 
the lower animals. 

Apparently experimenters were so interested in discovering the cause 
of milk sickness that the fact was overlooked that, whether milk sickness 
were produced by E. urticaefoliwm or not, actual proof had been made 
repeatedly of the poisonous character of the plant. The experiments 
of this paper have confirmed the former work and given definite infor- 
mation in regard to symptoms and dosage.’ 


SUMMARY 


(1) Eupatorium urticaefoliwm has for many years been considered by 
many people as the cause of milk sickness, or trembles, in cattle. 

(2) Experimental work shows conclusively that the plant is toxic, and 
produces a definite line of symptoms bearing a close resemblance to those 
considered characteristic of trembles. 

(3) Probably many, possibly most, cases of trembles in cattle and 
sheep are due to poisoning by E. urticaefolium. 

(4) Under the term ‘‘milk sickness,” or “trembles,” are probably 
grouped at least two distinct things: one poisoning by EF. urticaefolium 
and the other a bacterial disease. 
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PLATE 52 


Eupatorium urticaefolium, white snakeroot. 
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PLATE 53 





Poisoning by Eupaiortum urticacfolium: 


A.—Sheep 309, showing weakness. 
B.—Sheep 309, showing trembling. 





PLATE 54 


Poisoning by Eupatorium urticaefolium: 


A.—Sheep 367 at 11.17 a.m. on September 30. 
B.—Sheep 367 at 11.20 a.m. on September 3o. 
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PLATE 55 


Poisoning by Eupatorium urticaefolium: 
A.—Sheep 368 on September 24. 
B.—Sheep 368 a little later the same day. 
23719°—17——4 
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